Abstract: Nanoporous carbon framework was synthesized using phenol and formaldehyde as carbon precursors and triblock copolymer (pluronic F127) as soft template via evaporation induced self-assembly. Hexagonal mesoporous carbon with specific surface area of 350 m 2 /g through optimizing the situation was obtained. The effects of different surfactant/phenol molar ratio and presence of salts on specific surface area, pore size and pore volume for all the prepared samples were studied by means of the Brunauer-Emmett-Teller (BET) formalism, powder X-ray diffraction technique and FT-IR spectroscopy.
Introduction
Porous carbon materials have attracted great interest due to their high surface area, large pore volume, chemical inertness and electrical conducting properties 1 . These nanostructure materials are found to be important in many fields such as separation, adsorption, catalysts and catalyst supports in catalytic processes [2] [3] [4] [5] [6] .
Many advances in carbon technology are related to improvement of existing fabrication methods and the development of new synthetic techniques [7] [8] [9] . Recently, various types of ordered nanoporous carbons have been reported via a multi-step synthetic procedure, in which amphiphilic surfactants or block copolymers are employed as soft templates. Using amphiphilic surfactants or block copolymer self-assembly, provides routes to a range of materials with diverse multi-component structures of atoms, ions and molecules, held together by weak non-covalent interactions which can drive inorganic-organic and organicorganic assembly to form inorganic and organic frameworks, respectively 10 .
Highly ordered mesoporous carbon materials using soft templates were synthesized in 2004 11 . Zhao and co-workers prepared a variety of ordered mesoporous carbons, "C-FDU-15 and C-FDU-16" with hexagonal (p6m) and cubic (Im3m) structures using phenol/formaldehyde as the carbon precursor and F127 and P123 block copolymers as the soft templates 12 . The interaction between both organic precursors and templates and the organic precursors themselves should be considered in an organic-organic assembly for preparing ordered mesoporous polymers and carbons with diversified structures, especially for the common strategies such as hydrothermal treatment 13, 14 , or the solvent evaporation induced selfassembly (EISA) method 15, 16 .
Here we report the synthesis of ordered mesoporous carbon structure via the organicorganic self-assembly. The pore size and pore structure of the prepared mesoporous carbons have been studied, using different compositions of the triblock polymer.
Experimental
All chemicals were purchased from Merck Company and used as received without any further purification.
Preparation of resol precursors
Resol, a low-molecular-weight and soluble phenolic resin, was prepared from phenol and formaldehyde in a base-catalyzed process. Firstly, phenol (6.1 g, 65.0 mmol) was melted at 40-42 °C in a flask, followed by adding aqueous sodium hydroxide solution (1.3 g, 6.5 mmol) under stirring. After 10 min stirring, formalin (37 wt %, 10.5 g) containing formaldehyde (130 mmol) was added drop wise keeping temperature 50 °C. Afterward the mixture was heated at 70-75 °C and stirred for 1 h more, and then the mixture was cooled to ambient temperature. The pH was adjusted to neutral (~ 7.0) by HCl (0.6 M) solution and water was removed by rotary evaporator at 45 °C. Ethanol was added to the final product; thereby sodium chloride precipitates. The molar ratio of phenol/formaldehyde/NaOH was 1:2:0.1.
Synthesis of mesoporous polymers and carbons
Samples were synthesized by a solvent evaporation induced self-assembly method with copolymers F127 as a template in an ethanol solution. Molar ratios of all samples (1-4) are depicted in Table 1 . In a typical preparation, F127 (10.0 g) was dissolved in ethanol (200.0 g). Then resol (50.0 g) precursors in ethanol solution containing phenol (6.1 g, 65.0 mmol) and formaldehyde (3.9 g, 130.0 mmol) was added. For all samples except 1, resol solution was added by removing sodium chloride precipitates. After stirring for 10 min, a homogeneous solution was obtained. The solution was poured into dishes to evaporate ethanol at room temperature for 12-16 h, followed by heating in an oven at 100 °C for 24 h in order to thermopolymerize the phenolic resins. The as-made products, transparent films, were scraped from the dishes and crushed into powders. Calcination was carried out in a tubular furnace under an argon atmosphere with a flow rate of ~90 cm 3 /min at 350 °C for 5 h with a temperature increase rate of 1 °C min -1 to obtain porosity and decomposition of amphiphilic triblock copolymer template.
Mesoporous carbon materials was prepared by direct transformation of the corresponding mesostructured polymers by carbonization under argon. Carbonization was carried out at 900 °C for 5 h. The temperature was increased at a rate of about 1 °C min -1 and held at 200, 350 and 500 °C for 2 h before reaching the final temperature. The synthetic conditions in different samples were summarized in Table 1 . 
Measurements
The ordered structure of all samples were recorded on a XPert MPD diffractometer by using Cu kα radiation (40 KV, 40 mA). Nitrogen adsorption/desorption isotherms were measured using a Belsorp-Mini instrument at 77K (all the samples were prior degassed in vacuum at 200 o C for at least 6 h). Fourier transform infrared (FT-IR) spectra were collected on Bruker Equinox 55 spectrophotometer.
Results and Discussion
Samples 1 and 2 were synthesized with the same molar ratio of surfactant / phenol ( Table 1) . The NaCl salt obtained in the preparation of resol precursor process was filtered in 2, while in 1 was left unfiltered.
The XRD pattern of 2 shows a reflection peak at 2θ of 1.03 with d-spacing of 8.10 nm but this pattern for 1 doesn't show any intensive peak at low angle, which indicates that presence of salt, can decrease the symmetry (Figure 1) .
Although the amount of sodium chloride is not that much to observe sharp peaks,the XRD at higher angles for 1 confirm the presence of sodium chloride in final product (Figure 2 ). Figure 3 . Sample 2 shows a BET surface area of 307 m 2 g -1 , a total pore volume of 0.18 cm 3 g -1 and an average pore diameter of 2.37 nm (Figure 3) .
XRD pattern of all samples with different molar ratio are shown in Figure 4 . The XRD pattern of 3 shows 3 resolved diffraction peaks. They can be indexed to (10) , (20), (21) planes with d-spacing of 8.98, 7.91, 5.04 nm, respectively, associated with the hexagonal symmetry. A strong reflection peak at 2θ of 0.98 indicates that the sample has a degree of an ordered mesostructure 14 . This sample has a BET surface area of 350 m 2 g -1 and a total pore volume of 0.20 cm 3 g -1 and an average pore diameter of 2.30 nm. Sample 4 was prepared by increasing the F127/Phenol molar ratio. XRD pattern of this sample show 1 diffraction peak .This approximately intensive peak indicates that the sample, to some extent, has an ordered meso-structure.
The BET surface area of 242 m 2 g -1 , the total pore volume of 0.12 cm 3 g -1 and an average pore diameter of 1.92 nm, are all calculated from the N 2 adsorption isotherms. The textural properties of all samples are summerized in Table 2 . 
Conclusion
Mesoporous carbon materials were synthesized through surfactant self-assembly. The pore size and pore volume of the mesoporous carbons were affected by different composition of surfactants. By increasing the molar ratio of triblock copolymers as soft templates, the pore size and consequently the pore volume and pore wall thickness decrease, resulting the structural symmetry to decrease, as well. Furthermore it was shown that the presence of salt can decrease the porosity in carbon products. The salt particles may fill the pores and thus prevent porosity in the sample.
